Abstract: An optical diagnostic system consisting of the Michelson interferometer with the image processor has been developed for the study of the kinetics of the thermal capillary convection. The capillary convection, surface deformation, surface wave and the velocity field in a rectangular cavity with different temperature's sidewalls have been investigated by optical interference method and PlY technique. In order to calculate the surface deformation from the interference fringe, Fourier transformation is used to grating analysis. The quantitative results of the surface deformation and surface wave have been calculated from the interference fringe pattern.
Introduction
The thermal capillary convection is driven by the asymmetry ofthe surface tension, which comes from the asymmetry of the surface temperature. It is an important fluid convection phenomenon in many areas, such as crystal growth and film science. All these physical phenomena are very important influencing factors to many physics process. Lucubrating this convection phenomenon could help people control the physical process of many materials growing, and obtain the perfect result. During the thermal capillary convection occurs, the surface deformation and the surface wave exist on the liquid surface, the surface wave is one of the essential characters in the process of flow translating [1j• It is important to study them for understanding the mechanism ofthe thermal capillary convection. By now, studying the surface of the thermal capillary convection is focused on theories [2] but our research work is experimental study. In the present work, the technique of the optical interference has been introduced to the measurement ofthe fluid mechanics to establish and develop an optical method, which is used to measure the surface deformation ofthe flow. The optical diagnostic system consisting of the Michelson interferometer increases the measuring sensitivity in comparison with the conventional experimental method in the fluid mechanics, and the image processor has been developed for obtaining the quantitative results. Combining this optical interference method with the particle image velocimetry (PlY) not only observe the surface deformation and surface wave, but also measure the velocity field of the thermal capillary convection. The optical interferometry and the PlY technique have been proved to be good measurement for the study of the fluid flow. The interesting experiment results are given in the present paper.
2. The experiment model Figure 1 shows a schematic diagram of the experimental facility. The horizontal cross-section of the container is rectangular with the cross-section of 42mmx26mm. The two opposite lateral walls are made of transparent K9 glass for flow visualization and PlY applications. The thickness of the K9 glass is 6mm. Another two opposite lateral walls are made of copperplates whose thickness is also 6mm. One of the copperplates is heated using the electro-thermal films another one is cooled by the semiconductor cooling sheet and a radiator. The temperature difference between the two copperplates will form, it will be measured by thermocouple, and the high temperature side is controlled by the DC power source. The bottom of the cavity is made by adiabatic materials, whose surface can not reflect the light. There is 4mm in height of the silicon oil layer in the experimental cavity. In the present experiment, the temperature difference was increased gradually. The flow in the liquid layer will change from steady convection to un-steady convection. PIV technique and optical interference method have been used to measure the velocity, surface deformation and surface wave, in order to analyze the relation and the mechanism between the thermal capillary convection and the surface deformation and the surface wave.
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The optical interference method is promising technique without disturbance for measuring mini physics quantity. It is usually used to measure the surface change in solid mechanics, and usually used to measure the temperature, the density and the concentration in the fluid for a long time. But, the surface deformation of the fluid has not been observed using the optical interference method. No disturbing to the measured section is it's most excellent character. In the present experiment, we try to use the Michelson interference method to measure the liquid surface whose measured area is in micron. The diagram of the optical diagnostic system is shown in Fig. 2 . A He-Ne laser beam passes through the lens Li and L2 to form an expanded parallel light beam, and then the beam is splitted by the splitter Bs into two parallel light beams. One is used as the object beam, and another is used as the reference beam. The object light beam illuminates the liquid surface, and reflects from the liquid surface, then reflects by splitter Bs. The reference light beam is reflected by the mirror M4, and then passes through the splitter Bs. At this time, the object beam and the reference beam meet together and form an interferometric fringe pattern on the ground glass D. The fringes carry out the surface deformation of the capillary convection. The image system is composed by the CCD camera and DVR station in the computer. The area measured by the interferometer is 20mm X 16mm, which is at the center of the cavity for the reason of horizontal liquid surface.
In order to calculate the surface deformation from the interference fringe, grating analysis has been used [35] We use the fringe at 0°C temperature difference as the original grating, and the fringe we want obtain the surface deformation as the metamorphic grating. The phase distribution of the original grating and the metamorphic grating has been calculated from the follows: Fourier transformation is used to transform the two gratings, the cross phase is calculated, and the wrapped phase is unwrapped. The phase of the metamorphic grating minus the phase of the original grating, obtains the phase distribution, which introduced from the surface deformation. According to the relationship between the phase q and the displacement u=/24 the surface deformation has been calculated. According to the upper image processing method, several simulations of fringes calculation have been calculated, which proved that the image processing method is reasonable. Fig. 3(a) is the original fringe pattern, Fig. 3(b) is the metamorphic fringe pattern, the quantitative result of the cylindrical surface has been calculated by Fourier transformation method shown as in Fig. 3(c) . The similar calculation is shown as in Fig. 4 . Figure 5 . An argon ion laser was applied to illuminate the flow field. Pulse lights were shaped by an electro-optical shutter, which was controlled by a center processor with CCD camera synchronization. The resolution of CCD camera is 768x484 pixels with 11 .6x 13 .6jim pixel pitch. The aluminum powder spheres of 1Oxm in diameter as tracer particles are suspended in the liquid layer. The density of the particles is 2.7g/cm3, which is close to the density of FC-70 liquid. By using a cycling lens, a 1 .0mm thin light sheet is shaped to illuminate a vertical cross-section at the center part of the cavity. This cross-correlation technique of DPIV image matching processing was used to obtain both magnitude and direction of velocity vector at the same time. In the present experiment, there is 4mm in height of the silicon oil layer in the experimental cavity. The temperature difference between the two sides of the cavity increased from 0°C to 60°C with the increasing temperature rate of 1°C/Sec. The optical interference method measures the surface deformation and the surface wave of the convection. The interference fringes at the temperature difference of 0°C is modulated to be horizontal, which is to be as the original fringe for the latter calculation. The deformation of the interference fringes, which is to be as the metamorphic fringe, has been captured, which demonstrates that the surface deformation appears when the steady convection is developed. The interference fringes are shown as in Fig. 6 , and the surface deformation and surface wave are calculated by Fourier transformation, shown as in Fig. 7 . When the temperature difference is very small, which is less than 3°C, the cooled side is higher than the heated side because of the liquid moving from the hot side to the cool side; with the temperature difference between the two sides increasing, the tilting surface is enhanced. The interference fringes in the present experiment are more and more declining in this process. When the temperature difference is larger than 21°C, a wave crest appears at the hot side, and moves to the cool side gradually, and then appears at the hot side. The interference fringes curl at the hot side firstly, and then this curl fringes move to the cool side gradually. The surface deformation in different temperature and the wave amplitude of the surface wave have been calculated shown as in Fig. 7. (a) AT = 0°C The particle image velocimetry (PlY) technique observes the feature and the development of the thermal capillary convection. The measured area 6mmx4mm locates on the center of the liquid layer surface. When the temperature difference is small, the thermal capillary convection appears, which is the flow from the heated side to the cool side, and then back to the heated side. When the temperature difference is increased to 55°C , the un-steady convection is appeared, the centers of eddies move from the heated side to the cool side. The velocity field is shown a in Fig. 8 .
Conclusion
An optical diagnostic system consisting of the Michelson interferometer with the image processor has been developed for the study of the kinetics of the thermal capillary convection. The PIV technique and this optical interferometer have been used to observe and measure the surface deformation and surface wave of the capillary convection in a rectangular cavity with different temperature's sidewalls.
The particle image velocimetry (PIV) technique observes the feature and the development of the thermal capillary convection. The optical interference method measures the surface deformation and the surface wave of the convection. Fourier transformation is used to image processing. The quantitative results of the surface deformation and surface wave have been calculated from the interference fringe pattern. The present experiment proved that PlY technique and interferometer are valid optical means to study flow phenomena.
